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LONG-TERM  GOALS 

The  deconvolution,  quantification,  and  interpretation  of  the  various  components  of  water¬ 
leaving  radiance  in  shallow  coastal  waters  with  emphasis  on  coral  environments  are  the  long-term  goals 
of  the  project. 

OBJECTIVES 

In  this  project,  objectives  include  the  development  of  instrumentation  and  models  to  measure 
and  predict  the  contribution  of  bottom  reflectance  to  upweUing  radiance  in  coastal  waters.  An 
underlying  objective,  then,  is  the  development  of  the  methodologies  required  to  remotely  classify 
bottom  types  in  varying  water  depths.  Intrinsic  in  this  effort  are  the  quantification  of  the  optical 
properties  of  the  water  column  and  the  need  to  perform  rigorous  data  cahbration/vahdation  while 
working  toward  optical  closure  and  to  address  the  inherent  problems  of  scale  between  in  situ  and 
remotely  sensed  data. 

An  collateral  objective  is  to  create  a  world- wide- web  repository  for  data  from  the  CoBOP 
project  to  enable  investigators  to  efficiently  explore  the  large  and  diverse  data  set. 

APPROACH 

In  the  first  funding  year  of  the  CoBOP  project  (FY96),  transects  over  coral  bottoms  in  the  Dry 
Tortugas  were  laid  out  and  mapped  by  divers  and  by  the  Fluorescence  Imaging  Laser  Line  Scanner 
(FILLS).  Instrumentation  aboard  our  Remotely  Operated  Vehicle  (ROV)  and  Autonomous  Underwater 
Vehicle  (AUV)  platforms  were  used  to  determine  the  color  and  intensity  of  bottom  elements  from 
different  altitudes  (Costello  et  al.,  1997).  The  goal  was  to  correct  imagery  for  path  radiance  and 
attenuation,  providing  bottom  albedo  estimates  for  the  dominant  bottom  types/features,  to  image 
bottom  fluorescence,  and  to  measure  the  vertical  spectral  structure  of  the  upweUing  and  downweUing 
Ught  fields.  The  analyses  required  rigorous  vaUdation/caUbration  efforts  and  modeling  efforts. 
Simultaneously,  effort  was  expended  toward  developing  simple,  relatively  low-cost  methods  that  could 
exploit  gross  bottom  reflectance  signatures  to  yield  useful  data. 
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Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
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In  this  past  funding  year,  a  CoBOP  field  campaign  was  conducted  from  the  Caribbean  Marine 
Research  Center  (CMRC)  located  on  Lee  Stocking  Island,  Exuma  Islands,  Bahamas.  Our 
responsibihties  in  the  1998  fieldwork  were  similar  to  those  of  the  Dry  Tortugas  exercises  with  the 
addition  of  extensive  atmospheric  measurements  and  the  inclusion  of  sediment,  grassbed,  and  mixed 
bottom  types  in  addition  to  coral  environments. 

WORK  COMPLETED 

Work  during  this  period  has  consisted  of  reduction  and  modeling  of  CoBOP’96  and  TWIST2 
(Sombrero  Reef,  FL  Keys)  data,  the  participation  in  the  CoBOP’98  field  campaign,  and  the  construction 
of  a  data  repository  to  serve  the  CoBOP  project. 

General  efforts: 

Significant  effort  has  been  expended  toward  building  a  JAVA-based,  data  archive  site  for  the 
CoBOP  project  team  for  interactive  data  exploration  on  the  word  wide  web.  Sample  data  sets  have 
been  obtained,  a  searchable  heading  format  has  been  designed,  and  a  prototype  structure  has  been 
built  which  allows  limited  interactive  plotting  of  geophysical  data  from  a  location  of  interest  within 
the  study  area  (Hou  et  al.,  1998b). 

A  rigorous  check  of  the  geometric  collection  performance  (cosine  response)  of  USF-developed, 
512-channel  in  situ  irradiometers  and  of  a  FICOR-1800  has  been  performed  (Enghsh  et.  al.  1998). 

Methods  have  been  presented  to  estimate  scattering  by  large  (>0.1  mm)  particles  (Hou  et.  al.  1997) 
and  a  forward-angle  scattering  correction  for  transmissometers  determined  by  the  large-particle  size 
distribution  (Hou  et.  al.  1998a). 

A  method  has  been  described  which  utihzed  color  video  taken  from  the  OV-II  AUV  to  calculate  the 
percent  hve  sea-bottom  cover  (Renadette  et.  al.  1997,  1998). 

A  method  has  been  developed  to  model  and  utihze  downweUing  irradiance  spectra  affected  by  wave 
focusing  (Costello  et.  al.  1998a). 

A  method  to  vicariously  cahbrate  aircraft  and  sateUite  spectrometers  using  cloud  shadows  also 
corrects  for  atmospheric  effects  is  apphcable  to  NRF’s  Ocean  Imaging  Spectrometer  (Reinersman  et 
al.,  1998). 

CoBOP’98  field  efforts 

490  Hyperspectral  (5 12-channel)  downweUing  irradiance  and  upweHing  irradiance  spectra  were 
acquired  during  25  vertical  profiles  performed  using  the  ROSEBUD  ROV. 

CTD,  c-488,  c-660,  FE-685  and  Bb-830  data  were  acquired  during  30  vertical  profiles  performed 
using  the  ROSEBUD  ROV  launched  from  the  R/V  Subchaser. 


6-channel,  intensified  bottom-albedo-video  as  weU  as  NTSC-color- video  bottom  imagery  were  also 
obtained  during  each  ROV  deployment. 


47  JSD  drop-package  casts  were  performed  from  the  R/V  Suncoaster.  The  JSD  recorded  CTD,  ac- 
9,  0.2  micron-filtered  ac-9,  488-nm  attenuation,  830  nm  backscatter,  6-channel  HS-6  backscatter, 
Flashpak  CDOM  fluorescence,  and  chlorophyll  fluorescence. 

Sea  surface  Rrs,  filter  pad  (pigment,  detrital,  and  CDOM)  absorption  (44  stations),  HPLC  (37 
stations),  and  fiuorometric  chlorophyll  (44  stations)  were  obtained. 

Color  video  bottom  imagery  was  obtained  during  mapping  transects  using  the  R/V  Subchaser  stern- 
mounted  bottom  camera.  The  imagery  is  overlaid  with  GPS  position  and  time.  The  Subchaser  ship 
computer  simultaneously  logs  water  depth  and  surface  temperature,  boat  speed  and  heading,  and 
data  from  the  boat  meteorological  instrumentation. 

RESULTS 

-  Water-Raman  scattering  and  chlorophyll  a  fluorescence  are  extremely  significant  components  of  the 
upweUing  fight  field  at  depths  >  2  m  and  wavelengths  >520  nm  over  corahne  environments  and  cannot 
be  ignored  in  evaluating  bottom-reflected  (actively  or  passively)  radiance. 

-  Solar- stimulated  fluorescence  at  685  nm  from  sediments  due  to  benthic  diatoms  is  ubiquitous  on  the 
Florida  shelf  and  is  apparent  in  bottom  imagery  from  depths  of  7  m  to  >  20  m  but  <  30  m  during  the 
summer. 

-  Animals  (e.g.  sponges)  and  man-made  objects  are  readily  apparent  by  their  dark  contrast  with  the 
bright,  red,  bottom  fluorescence  from  benthic  diatoms,  coral  symbionts,  and  macrophytes. 

-  Range  to  various  components  in  an  image  greatly  affects  the  685-fluorescence  signal  since  the  e- 
folding  depth  through  water  is  2.5  m.  Correction  for  range  is  critical  for  image  interpretation  (see 
Carder  and  CosteUo:  N00014-96- 1-5013 

-  Wave  focusing  has  a  very  significant  spectral  impact  on  the  instantaneous  downweUing  fight  field  on 
clear  days  providing  red-rich  irradiance  in  focal  zones  and  blue-rich  irradiance  in  divergence  zones. 

Coral  and  vegetation  fluorescence  are  spectrally  and  temporally  dependent  on  the  incident  fight  field, 
and  fluorescence  “spiU-over”  may  occur  when  photosynthetic  reaction  centers  are  fuU  during  wave 
focusing  events  but  not  for  steady-state  conditions  providing  the  same  time-averaged  photon  quahty  and 
quantity.  Field  measurements  of  lOPs  and  AOPs  have  allowed  spectral  model  closure  calculations  to 
simulate  the  instantaneous  spectral  fight  field  measurements.  Increases  in  aerosols  decrease  these 
fluctuations  due  to  wave  focusing,  stabihzing  the  fight  field  (CosteUo  et  al.,  1998a).  In  clear,  shaUow 
coastal  waters,  upweUing  radiance  can  be  significantly  affected  by  bottom  reflection  of  focused 
downweUing  irradiance  (CosteUo  et  al.,  1998b). 


IMPACT/APPLICATIONS 


In  our  analysis  of  our  hyperspectral  light  profile  data  sets,  it  soon  became  apparent  that  wave 
focusing  and  Raman  scattering  introduced  significant  complexity  to  models  of  the  submarine  hght  field. 
Moreover,  modeling  efforts  toward  addressing  the  complexities  using  Smith  and  Baker’s  (1981)  water 
absorption  numbers  were  generahy  fruitless.  Use  of  Pope  and  Fry  (1997)  numbers,  modeled  skyhght 
and  sunhght  fields  (Gregg  and  Carder,  1990)  and  focus/defocus  of  the  sunhght  contribution  provided 
modeled  hght  fields  consistent  with  measurements.  Fluorescence  and  primary  production  models  need 
to  consider  the  nonhnear  aspects  of  this  hght  field  versus  traditional  time-averaged  methods. 

The  differences  in  the  685  nm  fluorescence  yields,  suggested  by  our  observations,  ranged  from 
high  for  hard-bodied  coral,  medium  for  branching  coral,  to  low  for  benthic  diatoms.  These  differences 
suggest  possible  automatic  classification  schemes  if  adequate  range  information  is  available.  Certainly, 
non- vegetative  bottom  features  such  as  animals  and  man-made  objects  are  sharply  discernible  when 
viewed  at  685  nm,  and  path  radiance  due  to  backscattering  does  not  reduce  image  contrast  for 
fluorescence-dominated  scenes. 

Aircraft  and  space  sensor  cahbrations  change  with  vibration,  temperature,  and  time.  Recahbraton 
is  critical  since  a  smah  change  in  cahbration  can  introduce  large  errors.  For  example,  the  atmosphere 
contributes  90%  (or  more)  of  the  radiance  received  at  a  space-borne  sensor.  Just  a  2%  shift  in 
cahbration  would,  then,  result  in  a  20%  error  in  the  calculated  water-leaving  radiance.  Reinersman  et 
al.  (1998)  provide  a  vicarious  method  to  re-cahbrate  a  sensor  that  simply  depends  on  finding  smah, 
compact  clouds  in  a  scene. 

TRANSITIONS 

The  hyperspectral  data  acquired  during  this  project  has  aided  other  projects  (see  RELATED 
PROJECTS  section)  in  efforts  toward  the  development  and  vahdation  of  algorithms  for  remote  sensing 
of  water  constituents  and  bathymetry  in  coastal  waters.  Additionahy,  the  Real-time  Ocean  Bottom 
Optical  Topographer  (ROBOT)  module,  an  AUV-borne,  laser- hne-based,  instrument  system  which  was 
first  deployed  during  the  CoBOP’98  field  campaign  wih  participate  in  Navy- sponsored  underwater  mine 
detection  exercises  in  December,  1998. 

RELATED  PROJECTS 

As  part  of  the  CoBOP  Directed  Research  Initiative,  this  project  is  synergistic  with  numerous 
other  CoBOP  investigations  and  several  multi-disciphne  investigations  are  underway.  This  project  also 
provides  significant  data  to  and  benefits  from  important  instrumentation  developed  under  “Optical 
Variabihty  and  Bottom  Classification  in  Turbid  Water”  (ONR  CODE  3220M). 

Other  collaborative  projects: 

ONR  -  Shelf  Erosion  and  Sedimentation  Processes:  Quantification  and  Prediction  of  Their  Effects  on 

the  Optical  Properties  of  Coastal  Waters.  Pis  -  K.L.  Carder,  D.K.  Costeho  (USE) 


ONR  -  An  AUV-based  investigation  of  the  role  of  nutrient  variability  in  the  predictive  modeling  of 
physical  process  in  the  littoral  ocean.  Pis  -  K.A.  Fanning  and  JJ.  Walsh  (USF). 

ONR  -  A  simulation  analysis  of  the  time-dependent  roles  of  phytoplankton  and  CDOM  in  effecting  the 
3 -dimensional  structure  of  inherent  optical  properties  on  the  West  Florida  shelf.  PI  -  JJ.  Walsh 
(USF) 

ONR  -  A  Multi-Disciplinary  Investigation  of  the  Nature  and  Predictability  of  Sediment  Resuspension 
in  Shallow  Water:  Its  Effect  on  Water  Column  and  bottom  Optical  Properties.  Pis  -  A.C.  Hine, 
D.P.  Howd,  D.  Mallinson,  D.  Naar  (USF),  D.  Wilson  (USGS) 

NRL  -  Hyperspectral  Modeling  of  Harmful  Algal  Blooms  on  the  West  Florida  Shelf.  PI  -  W.  P.  Bissett 
(Florida  Environmental  Research  Institute) 

NASA  Project  -  Hyperspectral  characterization  of  gelbstoff  for  application  to  remote  sensing  of 
carbon  cycling  in  coastal  regions.  Pis  -  P.Coble  and  C.Castillo  (USF) 

NASA  (EOS)  -  High  spectral  resolution  MODIS  algorithms  for  ocean  chlorophyll  in  case  II  waters. 

PI  -  K.  Carder 

NASA  (SIMBIOS)  -  Stray  Light  and  Atmospheric  Adjacency  Effects  for  Large-FOV  Ocean-Viewing 
Space  Sensor.  PI  -  K.  Carder 

NOAA  -  Ocean  Color  Algorithm  Evaluation  for  Remote  Sensing  of  Coastal  and  Estuarine  Waters.  Pis 
-  R.  Stumpf,  P. Tester,  J.Pennock,  C. Tomas,  R.  Arnone,  and  K.Carder 
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